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Abstract
As a newly identified and characterized gene, p42.3 is associated with cell proliferation and tumorigenicity. The expression
of p42.3 is upregulated in human gastric cancer (GC), but its underlying mechanisms of action are not well understood.
MicroRNAs (miRNAs) are known to play vital regulatory roles in many cellular processes. Here we utilized bioinformatics and
experimental approaches to investigate the regulatory relationship between miRNAs and the p42.3 gene. We showed that
miR-29a could repress p42.3 expression at both the mRNA and protein levels via directly binding to its 3’UTR. Furthermore,
an inverse relationship was observed between miR-29a and p42.3 expression in gastric cancer cell lines and GC tissue
samples, especially in cases where p42.3 was downregulated. Taken together, we have elucidated previously unrecognized
roles of miR-29a and indicated that miR-29a may function, at least partially, by targeting the p42.3 gene in human GC.
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Introduction
p42.3 is a novel gene that has been recently isolated and
identified by the mRNA differential display (mRNADD) tech-
nique. The full-length cDNA of p42.3 is approximately 4.0 kb,
and the gene encodes a 389 amino acid (aa) protein that is
estimated to have a molecular mass of 42.3 kDa. Further research
has revealed that its expression is cell cycle-dependent in gastric
cancer (GC) cell lines. Its protein expression peaks during the M
phase of the cell cycle, before gradually decreasing after cell
division; this indicates that p42.3 may be involved in cell cycle
regulation. Furthermore, silencing of p42.3 by small interfering
RNA (siRNA) results in the upregulation of CHK2 and the
downregulation of cyclin B1, which are two key proteins involved
in cell cycle regulation [1,2]. While RT-PCR and immunohisto-
chemical analyses have shown that p42.3 is upregulated in GC
compared with normal tissue samples, functional research has
suggested that the depletion of p42.3 may not only result in the
inhibition of GC cell proliferation and colony formation in vitro,
but may also significantly reduce tumorigenicity in nude mice [3].
Although previous studies have suggested a critical role for the
p42.3 gene in the pathology of GC, the specific underlying
mechanisms of its action remain to be clarified.
MicroRNAs (miRNAs) consist of a class of small (,22
nucleotides), endogenous, non-coding RNAs that are known to
play important regulatory roles in gene expression [4]. The primary
miRNA transcript is called pri-miRNA [5], which is transcribed by
RNA polymerase II or III [6,7]. The pri-miRNA is then cleaved by
the Drosha-DGCR8 microprocessor complex to produce the
precursor hairpin molecule (pre-miRNA) which is then exported
from the nucleus to the cytoplasm by exportin25/Ran-GTP. With
the assistance of a complex that contains the RNase Dicer and the
double-stranded RNA-binding protein, TRBP, the ,70-nucleotide
pre-miRNA is processed into mature miRNA [8]. The functional
strand of the mature miRNA is loaded into the RNA-induced
silencing complex (RISC), which contains the proteins, argonaute
(Ago)andTnrc6,whiletheotherstrand isusuallydegraded [9]. The
mature miRNA guides the RISC to the imperfect complementary
sequences in target mRNAs to repress the cognate mRNA
translation, promote transcript decay, or both [10]. It is estimated
that most coding genes are probably regulated by miRNAs and,
whilst a miRNA may regulate more than one target genes, certain
genes can be regulated by multiple miRNAs [11].
Growing evidence suggests that miRNAs are involved in a wide
range of physiological and pathological processes, including devel-
opment, differentiation, proliferation and apoptosis [12.13,14,15].
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in many human tumors, including colorectal, gastric and breast
cancers [16,17], the number of such tumors is still expanding.
However, the detailed functions of miRNA in tumors remain to be
elucidated.
Recent studies have suggested that miR-29 has complex
functions in various diseases. MiR-29a may behave as a tumor
suppressor in both lung and pancreatic cancer cell lines, and thus
the exogenous overexpression of miR-29a results in a significant
reduction in the invasive potential and proliferation of these cell
lines [18]. The tumor suppressor role of miR-29a is also supported
by its observed downregulation in a broad spectrum of solid
tumors, including neuroblastoma, sarcomas and brain tumors
[19]. In contrast, miR-29a is upregulated in indolent human B-cell
chronic lymphocytic leukemia (B-CLL) [20] and acute myeloid
leukemia (AML) [21], which suggests a possible tumor promoter
role. In addition, the aberrant expression of miR-29a can be found
in many non-malignant diseases, including liver fibrosis [22],
diabetes [23] and Alzheimer’s disease [24]. Although many genes
have already been confirmed to be the direct targets of miR-29a,
such as PPM1D [25], PI3K [26] and neuron navigator 3 [24],
they represent a very small fraction of the total genes that miR-29a
targets.
In the present report, we demonstrate that p42.3 expression was
controlled at the levels of both mRNA and protein by miR-29a via
direct targeting of the 3’UTR of p42.3. MiR-29a could suppress
cell proliferation and induce cell cycle arrest, at least in part, via
the downregulation of p42.3 expression. Moreover, we found that
the expression of p42.3 protein was inversely correlated with miR-
29a expression in human GC tissues.
Results
p42.3–3’UTR is putatively targeted by miR-29a
Putative miRNAs that were predicted to target the p42.3 gene
by more than one database were analyzed. The top two miRNAs
which were predicted for three times were selected for further
confirmation and the other three miRNAs, including miR-29a,
whose putative binding sites were close to those of the top two
were also selected as candidates for validation. MiR-29a was
predicted by the TargetScan and miRGEN databases, which
indicated that its putative binding site was at positions 213–219 of
the p42.3–3’UTR (Figure 1A). The other candidates are not listed
here.
Directly targeting the p42.3–3’UTR by miR-29a
The reporter gene assay was employed to validate whether
p42.3 was a direct target of miR-29a. Wild-type and mutant
p42.3–3’UTR containing the putative binding site of miR-29a
were cloned into individual plasmids and fused with the reporter
gene. The fluorescent intensity of the reporter gene was
significantly decreased in the group that was co-transfected with
WTpcDNA3/EGFP/p42.3 and pcDNA3.1/pri-miR-29a com-
pared to the control. In addition, there was no significant decline
of the fluorescent intensity in the group that was co-transfected
with MUTpcDNA3/EGFP/p42.3 (Figure 1B), further confirming
that miR-29a induced the downregulation of p42.3 gene
expression via the specific binding of the putative site of the
p42.3–3’UTR.
Expression of miR-29a and p42.3 are inversely related in
GC cell lines
To ascertain the link between p42.3 and miR-29a, we studied
the endogenous expression of miR-29a and p42.3 in six human
GC cell lines (SGC-7901, MKN-28, MKN-45, MGC-803, SNU-1
and AGS) and one normal gastric epithelium cell line (GES-1;
Figure 2A–C). We found that the level of p42.3 mRNA was
significantly higher than the normal control in all GC cell lines
with the exception of SGC-7901, where the difference was not
statistically significant. The expression level of p42.3 was variable
at the protein level, but was significantly higher in all of the GC
cell lines when compared with GES-1.We also showed that miR-
29a expression was low in four of the GC cell lines (SGC-7901,
MKN-45, MGC-803 and AGS), which revealed an inverse
relationship with p42.3 expression. Although the expression of
miR-29a was high in SNU-1, this was not statistically significant. It
is worth mentioning that the high expression of miR-29a in MKN-
28 was an exception.
MiR-29a regulates p42.3 expression
To evaluate whether p42.3 was repressed by miR-29a, we
treated MKN-45 cells with the mimics and inhibitors of miR-29a
for 48 h in order to exogenously up- and downregulate the
expression of miR-29a specifically; the expression of p42.3 was
then determined. After the transfection of MKN-45 cells with the
mimics, the miR-29a expression increased by approximately 10-
fold, while the treatment with the inhibitors decreased the miR-
29a level by more than 50% (Figure 3A–B). This suggested that
both the mimics and inhibitors of miR-29a worked efficiently in
our experiments. Overexpression of miR-29a could significantly
repress the expression of p42.3 at both the mRNA and protein
levels, which was a similar effect to the silencing of p42.3 by
p42.3 siRNA (si-p42.3). We also detected that CHK2 was
upregulated and cyclinB1 was downregulated after the silencing
of p42.3 by p42.3 siRNA. Interestingly, similar effects were
exerted on CHK2 and cyclinB1 by the overexpression of miR-
29a in MKN-45 cells (Figure 3C–D). In addition, transfection of
miR-29a inhibitors dramatically decreased CHK2 expression and
increased p42.3 and cyclinB1 expression (Figure 3E–F). This
suggested that miR-29a could regulate the expression of the p42.3
gene in MKN-45 cells.
MiR-29a inhibits cell proliferation in vitro
According to the data of the cell proliferation assay, we drew the
absorbency curves at the wavelength of 450 nm after transfection
for different durations. We found that cell proliferation was
significantly inhibited after the transfection of MKN-45 cells with
p42.3 siRNA for 48 h and 72 h, and a similar pattern was noted
after cells were transfected with mimics of miR-29a. However, the
degree of repression achieved by miR-29a mimics was greater
than p42.3 siRNA-induced downregulation (Figure 4A). On the
contrary, cell growth was promoted by approximately 10%,
compared to the negative control when transfected with inhibitors
of miR-29a for 48 h, but there was a decline at 72 h (Figure 4B).
This indicated that miR-29a could inhibit cell proliferation via
repressing the expression of p42.3.
MiR-29a blocks cell cycle progression
Silencing of p42.3 by p42.3 siRNA can result in cell cycle arrest;
therefore, we investigated whether miR-29a could affect the cell
cycle progression via targeting the p42.3 gene. After MKN-45 cells
were transfected with p42.3 siRNA for 48 h, we found that the cell
cycle was blocked at the G1 phase (75.93%, P,0.05), compared
with the negative control (66.18%). We found that mimics of miR-
29a could also induce G1 phase arrest in MKN-45 cells when
treated for 48 h (75.56%, P,0.05; Figure 5).
MiR-29a Downregulats p42.3 in Gastric Cancer
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correlation with clinicopathological characteristics
Using a quantitative real-time PCR technique, miR-29a was
detected in 60 pairs of GC tissues and their matched non-cancer
adjacent tissues, while p42.3 protein level was also evaluated in
these tissues by Western blotting. Out of 60 GC tissues samples,
p42.3 expression was high in 35 cases (35/60, 58.33%) relative to
their matched non-cancer adjacent tissues. In the 25 cases in
which p42.3 expression was downregulated, miR-29a expression
was high in 21 cases. MiR-29a expression was low in 27 cases (27/
60, 45%). The above data suggests an inverse relationship between
miR-29a and p42.3 protein expression in tissue samples (P=0.000,
Table 1 and Figure 6), but the correlation coefficient was not good
(r=20.316).
Furthermore, miR-29a and p42.3 protein expression were
evaluated with regards to the clinicopathological characteristics of
the 60 patients from whom tissue samples were taken. Our
findings suggested that there were no obvious correlations between
p42.3 protein and miR-29a expression, respectively, with
clinicopathological features (Table 2).
Discussion
The p42.3 gene is highly conserved in mammals and, as an
oncogene, it may play an important role in the progressive
transformation of normal gastric epithelium cells to cancer cells. Its
differential expression during the cell cycle stages reveals that
p42.3 may be involved in cell cycle regulation. This was further
confirmed by our results, which showed that p42.3 silencing could
alter the expression of two key proteins, CHK2 and cyclin B1, that
are involved in cell cycle regulation. Using loss-of-function
experiments, we demonstrated that p42.3 may stimulate cellular
proliferation and as reported, our results showed that p42.3 was
overexpressed in GC tissues when compared with the adjacent
non-cancer mucosa [3]. However, the molecular mechanisms
resulting in this aberrant expression of p42.3 gene in GC is poorly
Figure 1. MiR-29a targets a putative binding site in p42.3–3’UTR. A. The sequence of miR-29a with the putative binding site in the human
p42.3 gene. The putative binding site with the mutant is shown in the lower panel. B. Regulation of reporter gene expression by miR-29a in MKN-45
cells co-transfected with the pri-miR-29a and reporter gene containing the putative binding site. **: P,0.01.
doi:10.1371/journal.pone.0025872.g001
Figure 2. Expression of endogenous p42.3 and miR-29a in GC cells. A. Expression of p42.3 mRNA and mature miR-29a in six GC cell lines
(SGC-7901, MKN-28, MKN-45, MGC-803, SNU-1, and AGS) normalized to the normal gastric epithelium cell line (GES-1) using quantitative real-time RT-
PCR. Endogenous references were GAPDH and U6 small nuclear RNA, respectively. *: P,0.05, **: P,0.01. B and C. Expression of p42.3 protein in GC
and normal gastric epithelial cell lines analyzed by western blotting (B) and shown as mean 6 SD (normalized; C). *: P,0.05, **: P,0.01.
doi:10.1371/journal.pone.0025872.g002
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PLoS ONE | www.plosone.org 3 October 2011 | Volume 6 | Issue 10 | e25872Figure 3. Regulation of endogenous p42.3 expression by miR-29a. A. Effect of miR-29a mimics on the endogenous expression of p42.3
mRNA. Mature miR-29a was exogenously upregulated while the endogenous expression of p42.3 mRNA was significantly downregulated in MKN-45
cells. **: P,0.01. B. Effect of miR-29a inhibitors on the endogenous expression of p42.3 mRNA. Mature miR-29a was exogenously downregulated,
while the endogenous expression of p42.3 mRNA was significantly upregulated in MKN-45 cells. *: P,0.05, **: P,0.01. C and D. Effect of miR-29a
mimics on the endogenous expression of p42.3, cyclin B1 and CHK2 proteins were similar to those of si-p42.3. The expression levels of p42.3 and
cyclin B1 protein decreased significantly after MKN-45 cells were treated with si-p42.3 or miR-29a mimics while the level of CHK2 protein increased
dramatically. Data are shown as mean 6 SD (normalized; D). *: P,0.05. E and F. Effect of miR-29a inhibitors on the endogenous expression of p42.3,
cyclin B1 and CHK2 protein. MiR-29a inhibitors reversed the expression changes seen in C and D. *: P,0.05, **: P,0.01.
doi:10.1371/journal.pone.0025872.g003
Figure 4. Effect of miR-29a on cell proliferation in the MKN-45 cell line. A. MiR-29a mimics inhibited cell proliferation and the inhibiting rate
at 48 h was approximately 20% and approximately 40% at 72 h, while p42.3 siRNA inhibited cell proliferation by approximately 15% at 48 h and 72 h.
**: P,0.01. B. MiR-29a inhibitors promoted cell growth by approximately 10% at 48 h, but the effect weakened at 72 h. *: P,0.05.
doi:10.1371/journal.pone.0025872.g004
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MiRNAs can regulate gene expression by targeting the binding
sites in the target mRNAs [27] and, in human cancers, many
miRNAs have already been implicated. However, the function of
only a few has been understood to date, especially in GC [28].
In this report, we selected miR-29a for further investigation by a
reporter gene system and ultimately identified that p42.3 was a
direct target gene of miR-29a. Our data suggested that the four
databases (TargetScan, microRNA.org, MicroCosm Targets
Version 5 and miRGen) used were efficient, but not perfect, tools
for the prediction of miRNA targets and provided experimental
evidence for improvements to the underlying algorithm.
We showed that p42.3 expression was inversely related with
miR-29a expression in four GC cell lines. In three of these, MKN-
45, MGC-803 and AGS, this was evident at both the mRNA and
protein level, but this was not the case in the SGC-7901 cell line.
In addition, miR-29a expression was not low in the MKN-28 and
SNU-1 cell lines. Taken together, these observations allowed us to
hypothesize that the regulatory role of miR-29a is complicated in
GC cell lines and that miR-29a may play different roles in
different cellular backgrounds. However, the detailed mechanisms
of miR-29a functions in GC cell lines require further investigation.
In our study, miR-29a overexpression could induce similar
effects to those achieved by the silencing of p42.3 by p42.3 siRNA.
Both of p42.3 mRNA and protein were downregulated after cells
were transfected with p42.3 siRNA or miR-29a mimics and the
cell proliferation and cell cycle were suppressed when cells
underwent the same interference. It suggested that miR-29a may
be involved in the pathogenesis of GC via the repression of p42.3
gene expression. However, we found from the growth curves that
the degree of repression by miR-29a mimics was greater than by
p42.3 siRNA. In our opinion, the main reason for this may be that
specific miRNAs could regulate hundreds of genes to control
cellular function. In the present study, miR-29a may inhibit cell
proliferation, at least in part, by targeting p42.3.
Our data showed that although the rate of high expression of
miR-29a was 55% (33/60) in GC, p42.3 expression was low in 21
of these cases. This suggested that miR-29a may have a vital role
in GC tissues with low expression levels of p42.3.
Figure 5. Effect of miR-29a on cell cycle in the MKN-45 cell line. Flow cytometric analysis confirmed that both p42.3 siRNA and miR-29a
mimics induced G1 phase arrest in the MKN-45 cell line.
doi:10.1371/journal.pone.0025872.g005
Figure 6. The scatterplot of the expression of p42.3 protein
and miR-29a in 60 gastric cancer tissues. There was an inverse
relationship between the expression of p42.3 protein and miR-29a and
the equation of their relationship was y=20.3458x+2.8126 (y: the
expression of miR-29a, x: the expression of p42.3 protein).
doi:10.1371/journal.pone.0025872.g006
Table 1. Correlation between the expression of p42.3 protein
and miR-29a in 60 gastric cancer tissues.
miR-29a Spearman’s correlation
low high n P P r
p42.3
low 4 21 60 0.000 0.014 20.316
high 23 12
doi:10.1371/journal.pone.0025872.t001
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miR-29a. We have also demonstrated that miR-29a can inhibit
cell proliferation and block the cell cycle, at least in part, via the
repression of p42.3 expression in GC. We conclude that miR-29a
may play a critical role in regulating the expression of p42.3 in
GC. Interestingly we found that p42.3 gene could also regulate the
expression of miR-29a (the data are not shown here), but the
underlying regulatory mechanism will be explored in the future.
Materials and Methods
Bioinformatics
Four efficient computational approaches that utilize different
evaluating systems [29–32] were used for the prediction of the
regulatory miRNAs that target the p42.3 gene, including TargetS-
can (http://www.targetscan.org/), microRNA.org (http://www.
microrna.org/microrna/getGeneForm.do/), MicroCosm Targets
Version 5 (http://www.ebi.ac.uk/enright-srv/microcosm/htdocs/
targets/v5/) and miRGen (http://www.diana.pcbi.upenn.edu/cgi-
bin/miRGen/v3/Targets.cgi#Results). Targets were selected for
further confirmation from the group of miRNAs that were common
to the results generated from more than one search.
Tissue samples
Sixty pairs of histopathologically confirmed GC and adjacent
non-cancer tissue samples were obtained from patients who
underwent surgical resection at the Renji Hospital affiliated to the
Shanghai Jiaotong University School of Medicine, China between
July 2007 and January 2009. The matched non-cancer adjacent
tissues were obtained at least 5 cm away from the tumor site. The
study was approved by the Research Ethics Committee of
Shanghai Jiaotong University and informed consent was obtained
from all patients, while written consent were obtained from each
patient.
Cell lines and culture conditions
Human GC cell lines, SGC-7901, MKN-28, MKN-45, MGC-
803, SNU-1 and AGS, and the GES-1 normal gastric epithelium
cell line, which were purchased from ATCC (USA), were
maintained in RPMI 1640 medium (Gibco, Gaithersburg, MD,
USA) supplemented with 10% fetal bovine serum (Invitrogen,
Carlsbad, CA, USA). Cells were cultured at 37uC in a 5% CO2
incubator. A solution of trypsin (0.25%) was used to detach the
cells from the culture flask.
Vector construction
To construct the expression vectors pri-miR-29a was first
amplified with primers designed by Primer Premier 5.0 software
(Table 3) and then cloned into pcDNA3.1 (Invitrogen). To
produce the plasmids that contained the putative binding site of
miR-29a, both wild-type and mutant sequences from position 111
to 380 of the p42.3–3’UTR were chemically synthesized
(Figure 1A) and then were cloned to the downstream of the
EGFP gene at BamHI and EcoRI sites in the pcDNA3/EGFP
vector (Saierbio, Tianjin, China).
Reporter gene assay
MKN-45 cells were seeded in triplicate wells of a 24-well plate on
the day before transfection. PcDNA3.1 (+)/ primary-miR-29a were
co-transfected with wild-type and mut-pcDNA3/EGFP/p42.3–
3’UTR respectively. Then, 0.5 mg of pcDNA3.1 (+)/ primary-miR-
29a and 0.5 mg of pcDNA3/EGFP/p42.3–3’UTR were added into
each of the wells, while 0.1 mg of vector pDsRed-C1 (Clontech),
which expressed the RFP,were added to everywell as an endogenous
reference. Cells that were only transfected with pcDNA3/EGFP/
p42.3–3’UTR or pcDNA3/EGFP/p42.3–3’UTR+ pcDNA3.1 (+)
were used as the controls. Cells were collected 48 h after transfection
and analyzed based on the intensity of EGFP and RFP fluorescence
Table 2. Associations between the expression of p42.3
protein and miR-29a with clinicopathological features of 60
patients with gastric cancer.
n p42.3
a miR-29a
a
Sex
Male 37 1.06(0.5521.67) 0.99(0.2322.69)
Female 23 1.79(0.9722.78) 1.39(0.7822.96)
P 0.712 0.258
Age
#65 36 1.25(0.8721.77) 1.35(0.5524.26)
.65 24 1.53(0.5622.86) 0.89(0.2922.52)
P 0.811 0.19
Histologic grade
Good 15 1.75(0.6822.34) 0.46(0.2022.03)
Poor 45 1.19(0.6822.34) 1.30(0.6722.85)
P 0.906 0.374
pT stage
T1+2 8 0.62(0.4920.97) 1.49(0.3125.16)
T3+4 52 1.36(0.9322.73) 1.09(0.5422.85)
P 0.199 0.984
pN stage
N0 14 1.06(0.4821.76) 0.58(0.3122.85)
N1 21 1.06(0.9322.80) 1.62(0.6824.26)
N2 12 1.15(0.6221.57) 1.69(0.5627.07)
N3 13 1.79(0.9522.75) 0.91(0.6621.15)
P 0.351 0.359
pTNM stage
I 7 0.56(0.4621.11) 0.50(0.3123.34)
II 6 1.55(0.6725.20) 1.76(0.1822.85)
III 32 1.15(0.9222.15) 1.50(0.5424.34)
IV 15 1.79(0.9522.74) 1.01(0.7821.15)
P 0.138 0.711
aMedian of relative expression, with 25 th–75 th percentile in parenthesis.
doi:10.1371/journal.pone.0025872.t002
Table 3. Primer sequences of the related genes.
name primer sequence
Pri-miR-29a-sense 5’-CGCGGATCCTGGATTTAGTAAGATTTGGGC-3’
Pri-miR-29a-anti 5’-CCGGAATTCACATGCAATTCAGGTCAGTG-3’
p42.3-mRNA-sense 5’-CCTGGCATCTTTACTGGACTGGA-3’
p42.3-mRNA-anti 5’-GTGCCAGCCTGTCTCACATTTC-3’
GAPDH-mRNA-sense 5’-CACCATCTTCCAGGAGCGAG-3’
GAPDH-mRNA-anti 5’-GGGGCCATCCACAGTCTTC-3’
doi:10.1371/journal.pone.0025872.t003
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Japan).
Cell transfection
Transfection of MKN-45 cells was performed using the
Lipofectamine 2000 Reagent (Invitrogen) following the protocol
of the manufacturer. MKN-45 cells were seeded into 6-well plates
or 96-well plates at 30% confluence the day prior to the
transfection. Mimics (100 nM, GenePharma) and inhibitors
(200 nM, RIBOBIO) of miR-29a were used to exogenously up-
and downregulate the expression of miR-29a. To silence p42.3
gene expression, the MKN-45 cells were transfected with siRNA
against p42.3 (si-p42.3, 100 nM, GenePharma). The control RNA
(named as NC) was non-homologous to any human genome
sequence. The sequences of the oligo nucleotides are shown in
Table 4.
Real-time RT-PCR
Total RNA was isolated using Trizol reagent (Invitrogen) and
subsequently treated with RNase-free DNase I (Fermentas, San
Diego, CA, USA). Total RNA (500 ng) was reverse transcribed
using the PrimeScript RT reagent Kit (TaKaRa, Dalian, Japan).
The primer sequences used to amplify p42.3 and GAPDH are
shown in Table 3. To analyze the expression of the mature miR-
29a, 2 mg of the total RNA was subjected to reverse transcription
using the All-in-One MiRNA Q-PCR Detection Kit (GeneCo-
poeia, Guangzhou, China). Quantitative real-time PCR for
mature miR-29a and U6 was performed according to the
manufacturer’s instructions using the ABI 7300 real-time PCR
system and specific primers designed by GeneCopoeia, China.
The relative expression of p42.3 and miR-29a was normalized to
an endogenous reference (GAPDH and U6 small nuclear RNA
respectively) and relative to the control. The results were presented
as fold change, calculated using the 2(2DDCT) method [33]; a
relative expression ratio of ,1.0 was considered as low, while a
ratio of .1.0 was considered as high expression [14].
Western blotting
Total protein from cultured cells and tissues were extracted by
RIPA Lysis Buffer containing PMSF, according to the manufac-
turer’s instruction (Beyotime, Shanghai, China). Protein concen-
tration was measured using the Bradford method [34]. Overall,
40 mg of protein were electrophoresed through 10% SDS
polyacrylamide gels and were then transferred to a PVDF
membrane (Millipore). The membrane was incubated with p42.3
antibody (1:500, Abmart, China), CHK2 antibody (1:1,000, CST),
cyclinB1 antibody (1:1,000, CST) or GAPDH (1:5,000, Kang
Chen, China) at 4uC overnight. Secondary antibodies were labeled
with HRP (Kang Chen, China) and the signals were detected using
ECL kit (Pierce Biotech., Rockford, IL, USA). Subsequently, the
images were analyzed by ImageJ 1.43 software. The protein
expression was normalized to an endogenous reference (GAPDH)
and relative to the control. A relative expression ratio of ,1.0 was
considered as low expression, while a ratio of .1.0 was considered
as high expression [14].
Cell proliferation assay
Harvested MKN-45 cells (approximately 5 x 10
4 cells) were
seeded into 96-well culture plates. Cellular proliferation was
measured at 24 h, 48 h and 72 h post-transfection, respectively,
using the Cell Counting Kit-8 (DOJINDO, Japan) according to
the manufacturer’s protocol. The absorbance at a wavelength of
450 nm, which shows positive relation to the capacity of cellular
proliferation, was determined by a spectrophotometer (E-LIZA
MAT-3000).
Cell cycle assay
Forty-eight hours after transfection, the cells were lifted using
0.25% trypsin and washed in DPBS (Gibco); they were then fixed
in 70% ethanol at 220uC for 24 h. For flow cytometric analysis
(EPICS XL Beckman Coulter), cells were incubated in RNAse
(Fermentas) at 37uC for 30 min, treated with PI (Sigma) and
suspended in 300 ml DPBS.
Statistical analysis
Data were shown as mean 6 SD from at least three separate
experiments. The significance was analyzed with the Student’s t-test
andnon-parametrictests(Mann-WhitneyUtestand Kruskal-Wallis
H test). The statistical significance of correlation between the
expression of miR-29a and p42.3 protein was calculated by the chi-
square test and Spearman9s rank correlation. Statistical analysis was
performed using SPSS 13.0 software (IBM, USA) and differences
were considered statistically significant at P , 0.05.
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Table 4. Sequences of the related oligo nucleotides.
name sequence
miR-29a-mimics-sense 5’-UAGCACCAUCUGAAAUCGGUUA-3’
miR-29a-mimics-anti 5’-ACCGAUUUCAGAUGGUGCUAUU-3’
p42.3 siRNA-sense 5’-CACUGUCCCACAAGGCACCdTdT-3’
p42.3 siRNA-anti 5’-GGUGCCUUGUGGGACAGUGdTdA-3’
NC-sense 5’-UUCUCCGAACGUGUCACGUTT-3’
NC-anti 5’-ACGUGACACGUUCGGAGAATT-3’
miR-29a-inhibitors 5’-mU(s)mA(s)mAmCmCmGmAmUmUmUmCmAmGmAmUmGmGmUmG(s)mC(s)mU(s)mA(s)-Chol-3’
NC-inhibitors 5’-mC(s)mA(s)mGmUmAmCmUmUmUmUmGmUmGmUmAmGmUmAmC(s)mA(s)mA(s)mA(s)-Chol-3’
doi:10.1371/journal.pone.0025872.t004
MiR-29a Downregulats p42.3 in Gastric Cancer
PLoS ONE | www.plosone.org 7 October 2011 | Volume 6 | Issue 10 | e25872References
1. Golan A, Pick E, Tsvetkov L, Nadler Y, Kluger H, et al. (2010) Centrosomal
Chk2 in DNA damage responses and cell cycle progession. Cell Cycle 13 [Epub
ahead of print].
2. Gavet O, Pines J (2010) Progressive activation of CyclinB1-Cdk1 coordinates
entry to mitosis. Dev Cell 4: 533–543.
3. Xu X, Li W, Fan X, Liang Y, Zhao M, et al. (2007) Identification and
characterization of a novel p42.3 gene as tumor-specific and mitosis phase-
dependent expression in gastric cancer. Oncogene 52: 7371–7379.
4. Bartel DP (2004) MicroRNAs: genomics, biogenesis, mechanism, and function.
Cell 2: 281–297.
5. Lee Y, Jeon K, Lee JT, Kim S, Kim VN (2002) MicroRNA maturation:stepwise
processing and subcellurlar localization. EMBO J 17: 4663–4670.
6. Lee Y, Kim M, Han J, Yeom KH, Lee S, et al. (2004) MicroRNA genes are
transcribed by RNA polymerase II. EMBO J 20: 4051–4060.
7. Borchert GM, Lanier W, Davidson BL (2006) RNA polymerase III transcribes
human microRNAs. Nature Structural & Molecular Biology 12: 1097–1101.
8. Winter J, Jung S, Keller S, Gregory RI, Diederichs S, et al. (2009) Many roads to
maturity: microRNA biogenesis pathways and their regulation. Nat Cell Biol 3:
228–234.
9. Thomas M, Lieberman J, Lal A (2010) Desperately seeking microRNA targets.
Nature Structural & Molecular Biology 10: 1169–1174.
10. Bartel DP (2009) MicroRNAs: target recognition and regulatory functions. Cell
2: 215–233.
11. Friedman RC, Farh KK, Burge CB, Bartel DP (2009) Most mammalian
mRNAs are conserved targets of microRNAs. Genome Res 1: 92–105.
12. Chawla G, Sokol NS (2011) MicroRNAs in Drosophila Development. Int Rev
Cell Mol Biol 286: 1–65.
13. Ohtani K, Dimmeler S (2010) Control of cardiovascular differentiation by
microRNAs. Basic Research in Cardiology 1: 5–11.
14. Song YX, Yue ZY, Wang ZN, Xu YY, Luo Y, et al. (2011) MicroRNA-148b is
frequently down-regulated in gastric cancer and acts as a tumor suppressor by
inhibiting cell proliferation. Molecular Cancer 10: 1.
15. Mutallip M, Nohata N, Hanazawa T, Kikkawa N, Horiguchi S, et al. (2010)
Glutathione S-transferase P1 (GSTP1) suppresses cell apoptosis and its
regulation by miR-133alpha in head and neck squamous cell carcinoma
(HNSCC). Int J Mol Med 3: 345–352.
16. Chiang Y, Song Y, Wang Z, Chen Y, Yue Z, et al. (2011) Aberrant Expression
of miR-203 and Its Clinical Significance in Gastric and Colorectal Cancers.
J Gastrointest Surg 1: 63–70.
17. Persson H, Kvist A, Rego N, Staaf J, Vallon-Christersson J, et al. (2011)
Identification of New MicroRNAs in Paired Normal and Tumor Breast Tissue
Suggests a Dual Role for the ERBB2/Her2 Gene. Cancer Res 1: 78–86.
18. Muniyappa MK, Dowling P, Henry M, Meleady P, Doolan P, et al. (2009)
MiRNA-29a regulates the expression of numerous proteins and reduces the
invasiveness and proliferation of human carcinoma cell lines. Eur J Cancer 17:
3104–3118.
19. Xu H, Cheung IY, Guo HF, Cheung NK (2009) MicroRNA miR-29 modulates
expression of immunoinhibitory molecule B7-H3: potential implications for
immune based therapy of human solid tumors. Cancer Res 15: 6275–6281.
20. Santanam U, Zanesi N, Efanov A, Costinean S, Palamarchuk A, et al. (2010)
Chronic lymphocytic leukemia modeled in mouse by targeted miR-29
expression. Proc Natl Acad Sci U S A 27: 12210–12215.
21. Han YC, Park CY, Bhagat G, Zhang J, Wang Y, et al. (2010) microRNA-29a
induces aberrant self-renewal capacity in hematopoietic progenitors, biased
myeloid development, and acute myeloid leukemia. J Exp Med 3: 475–489.
22. Roderburg C, Urban GW, Bettermann K, Vucur M, Zimmermann H, et al.
(2010) Micro-RNA profiling reveals a role for miR-29 in human and murine
liver fibrosis. Hepatology 1: 209–218.
23. Kong L, Zhu J, Han W, Jiang X, Xu M, et al. (2010) Significance of serum
microRNAs in pre-diabetes and newly diagnosed type 2 diabetes: a clinical
study. Acta Diabetol [Epub ahead of print].
24. Shioya M, Obayashi S, Tabunoki H, Arima K, Saito Y, et al. (2010) Aberrant
microRNA expression in the brains of neurodegenerative diseases: miR-29a
decreased in Alzheimer disease brains targets neurone navigator 3. Neuropathol
Appl Neurobiol 4: 320–330.
25. Meng XZ, Zheng TS, Chen X, Wang JB, Zhang WH, et al. (2011) microRNA
expression alteration after arsenic trioxide treatment in HepG-2 cells.
J Gastroenterol Hepatol 1: 186–193.
26. Pandey AK, Verma G, Vig S, Srivastava S, Srivastava AK, et al. (2011) miR-29a
levels are elevated in the db/db mice liver and its overexpression leads to
attenuation of insulin action on PEPCK gene expression in HepG2 cells. Mol
Cell Endocrinol 1-2: 125–133.
27. Huntzinger E, Izaurralde E (2011) Gene silencing by microRNAs: contributions
of translational repression and mRNA decay. Nat Rev Genet 2: 99–110.
28. Zimmerman AL, Wu S (2011) MicroRNAs, cancer and cancer stem cells.
Cancer Lett 1: 10–19.
29. Grimson A, Farh KK, Johnston WK, Garrett-Engele P, Lim LP, et al. (2007)
MicroRNA targeting specificity in mammals: determinants beyond seed pairing.
Mol Cell 1: 91–105.
30. Megraw M, Sethupathy P, Corda B, Hatzigeorgiou AG (2007) miRGen: a
database for the study of animal microRNA genomic organization and function.
Nucleic Acids Res Database issue. pp D149–155.
31. Griffiths-Jones S, Saini HK, van Dongen S, Enright AJ (2008) miRBase: tools for
microRNA genomics. Nucleic Acids Res Database issue. pp D154–158.
32. Betel D, Koppal A, Agius P, Sander C, Leslie C (2010) Comprehensive modeling
of microRNA targets predicts functional non-conserved and non-canonical sites.
Genome Biol 8: R90.
33. Livak KJ, Schmittgen TD (2001) Analysis of relative gene expression data using
real-time quantitative PCR and the 2(-Delta Delta C(T)) Method. Methods 4:
402–408.
34. Kruger, NJ (1994) The Bradford method for protein quantitation. Methods Mol
Biol 32: 9–15.
MiR-29a Downregulats p42.3 in Gastric Cancer
PLoS ONE | www.plosone.org 8 October 2011 | Volume 6 | Issue 10 | e25872